Rich reactive resonances are found in a 3D quantum dynamics study of the N + N2 exchange reaction using a recently developed ab initio potential energy surface. This surface is characterized by a feature in the interaction region called 'Lake Eyring', that is, two symmetric transition states with a shallow minimum between them. An L2 analysis of the quasibound states associated with the shallow minimum confirms that the quasibound states associated with oscillations in all three degrees of freedom in 'Lake Eyring' are responsible for the reactive resonances in the state-to-state reaction probabilities. The quasibound states, mostly the bending motions, give rise to strong reasonance peaks, whereas other motions contribute to the bumps and shoulders in the resonance structure. The initial state reaction probability further proves that the bending motions are the dominating factors of the reaction probability and have longer life times than the stretching motions. This is the first observation of reactive resonances from a 'Lake Eyring' feature in a potential energy surface.
Nitrogen is the major constituent of both the Earth's and Titan's atmospheres. Consequently the physics of nitrogen collisions plays an important role in the high speed entry of any space objects into these atmospheres. The temperature of the shock wave introduced by the high-speed entry can be as high as 20,OOOK. The Reactive resonances [l, 21 have been studied intensively since they were found in theoretical studies of gas phase reactions[3-51. Very recently these reactive resonances have been observed in experimental studies of these reactions, H + D2 + HD +D [6] , H + HD + D + H2 [7] and F + HD -+ HF + D [8] . There The second is the result of quasibound states localized in the van der Waals well of either the entrance or exit channel, such as the resonances in 0 + HC1 reaction [9] . The third type occurs when the reacting system has a chemically bound state with a barrier to the asymp- The first quantum dynamics study of the cumulative reaction probabilities and chemical reaction rates of the N+N2 exchange reaction, as well as the first ab initio potentia1 energy surface(PES) for the N3 system, have been reported by this group [ll] . This PES, determined using high level quantum chemistry calculations, is characterized by two nonlinear transition states in the interaction region that are equivalent to each other by the interchange of two N atoms, as well as a shallow well between the two transition states. Their geometries are T , ( T~) = 2.23 bohr, q ( 7 -a ) = 2.80 bohr and 0 = 119" for the transition states, and r, = 7-6 = 2.40 bohr and 0 = 120" for the minimum, with T , and 7-6 the two N-N bonds and 0 the bond angle. The transition state is located at 2.05 eV above the energy of of N + N2 at the asymptote, and the shallow minimum is at 1.90 eV. The double hump shape of N3 PES in the interaction region with two transition states and a shallow minimum (See Fig.1 in Ref. [13] ) -has been previously termed 'Lake Eyring' [12, 131. Up to now no dynamics studies have ever been performed to investigate the reactive resonances from this type of structure in the PES. In this letter, we report the first state-to-state quantum calculations of the exchange reaction N+N2 and study the reactive resonances due to this unique feature of the PES.
A quantum time-dependent wavepacket method [14, 151 is employed here to study the state resolved properties of N+N2. The split-operator propagation scheme is used for wave packet propagation and a two stage propagation approach is employed in this study. First, an initial wave packet(for a given total angular momentum J ) which is located in the reactant asymptotic region, covering the translational energy from 2.0 eV to 3.2 eV, is propagated in the reactant Jacobi coordinates on the ab initio N+N2 PES. After about 2,000 atomic units of time the wave packet reaches the interaction region ('Lake Eyring' region). The wave packet is transformed from the reactant Jacobi coordinates into the product Jacobi coordinates, and then propagated in the product channel on the PES . After the wave packet enters the asymptotic region, the energy-dependent state-resolved reaction probability PfJi(E) is extracted by evaluating the flux through a dividing surface in the product asymptotic region, where p p is the reduced mass of the system in the product channel and R the translation Jacobi coordinate that connects one N atom to the center mass of the N2 molecule. Also Rf is the position of the dividing surface in the product asymptotic region where the final state interaction is over and the flux is invariant to the change in R f . !PFi(E, R) is the scattering wave funct ion. complex Hamiltonian matrix using the L2 method with an absorbing potential in the reactant channel [9] . The stationary eigenvalues are identified as be the quasibound states, and the real and imaginary parts of these eigenvalues give the resonance energies and widths. The 'Lake Eyring' feature is located in both reactant and product channels, but the absorbing potential is confined in the reactant channel; hence, the resonance widths given by the present quasibound calculation are not meaningful and not listed. Fig.1 , to be compared with the resonance structures in the state-to-state reaction probabilities.
In the upper part of Fig.1 , most resonance peaks coincide with the eigenvalue of a particular quasibound state. For example, peak group B at 2.36 eV corresponds to the eigenvalue of the ( O , l , l ) quasibound state. Similarly peak group C is located at the eigenvalue of ( l , O , l ) , E at (1,2,1), F at (0,6,0), G at (1,3,1) and H at (1,5,0) quasibound states. Note most of the resonances are not symmetric. For example, the left side of peak group C, has a small shoulder, and is broader than the right side. This is due to the fact that contributions to the left side of this resonance structure come from 4 quasibound states, (0,3,0), (0,0,2), ( l , l , O ) and (0,2,1), whereas only one quasibound state (0,1,2) is located at the right of the peak structure. Also, three closely spaced quasibound states (0,3,0), (0,0,2) and ( l , l , O )
are located exactly at the shoulder position. In a similar manner, the features observed in peak groups B, D, E, F and G are also attributable to the quasibound states in Table   I . Peaks A and H are more symmetrical due to one quasibound state each located at two
sides. The present analysis shows that all resonance structures in the figure come from the quasibound states in the 'Lake Eyring' feature, with some quasibound modes giving rise to strong resonance peaks whereas others contribute to the 'bumps' and 'shoulders' of these (See the fourth and fifth columns of Table I ). All other features, observable in the state to state reaction probability in Fig. 1 , are washed out because they are much weaker. The dominance of bending resonance is not surprising. The bond angles of the minimum and 
